Noise fears represent a highly prevalent welfare problem in dogs. An online survey was performed 14 to explore severity and progression of firework fears in dogs, and relationships with demographics, 15 health, behaviour problems, and owners' training efforts to prevent or alleviate firework fears. 1225 16 responses were analysed. Fifty-two percent of dogs were at least partially affected by firework fears, 17 and the great majority developed a fear of fireworks in the first year of life, with a decreasing 18 frequency of new occurrences up until seven years, and only few newly affected dogs beyond this 19 age. While almost three quarters of fearful dogs had recovered by the next morning, recovery took 20 up to one day in 10%, up to one week in 12%, and several weeks or even months in >3%. Univariate 21 analyses indicated a significant effect of breed group, age, sex, neuter status, origin and age at 31 differences point to a strong genetic contribution to firework fears, training puppies or non-fearful 32 adults to associate the noise with positive stimuli is highly effective in preventing later development 33 of firework fears. 34 35 3 36
acquisition on severity of firework fears in dogs. However, binomial models including multiple 23 predictors of presence/ absence of firework fears identified only age, breed group (mixed breeds 24 being most affected), health problems, and an interaction between health problems and age as 25 significant predictors. This discrepancy might be explained by collinearities of predictors and 26 underlying differences between mixed-breed dogs and purebreds, such as mixed breeds being 27 acquired from shelters more often, being adopted at higher ages, and being neutered more often.
28
Firework fears are highly correlated with fears of gunshots and thunder, and to a low extent with 29 fears of other noises, but not with any other behavioural problems. Both improvement and 30 deterioration of firework fears were frequently reported. While an early age of onset and breed Introduction 37 Fear of noises is highly prevalent in dogs and represents a significant welfare concern, with up to half 38 of the pet dog population affected (1-3). Yet, only a minority of pet owners seem to seek 39 professional advice regarding this issue (2,4), and while some studies investigated treatment options 40 (e.g. (5-10), there is a lack of research on preventive measures.
41
At present, no unified terminology exists in the field and different authors refer to fear of noises as 42 "noise sensitivity" (e.g. (11), "noise reactivity" (e.g. (12), "noise aversion" (13) or "noise stress" 43 (reviewed by (12) . Further distinctions are often made between "fear" (an adaptive response to a 44 stimulus considered to be potentially dangerous), "anxiety" (anticipation of a negative outcome, 45 lacking a specific eliciting stimulus)(1,14), and "phobia" (an extreme, long-lasting reaction which can 46 be elicited by a low stimulus intensity and in human psychiatry is considered irrational (reviewed by 47
(2)). However, as Overall et al. (12) point out, studies are typically lacking sufficient criteria to 48 differentiate between terms such as "reactivity" or "phobia" in dogs, and moreover even in the most 49 commonly used rodent model species to study fear and anxiety, the states of fear and anxiety can 50 often not be differentiated behaviourally (reviewed by (14)). Therefore, in the remainder of the 51 paper I will use the term "noise fears" or "firework fears" to denote any fearful, anxious, stressed or 52 phobic reactions of dogs when exposed to noises or fireworks, respectively.
53
Fireworks appear to be the most common trigger of noise fears in dogs, although the great majority 54 of affected dogs concomitantly show fears of gunshots and thunderstorms (1,2,12). Breed or breed 55 group has consistently been identified as being associated with different susceptibility to firework 56 fears (1-3,12), pointing to contributing genetic factors. While the observed breed differences in 57 noise fears are likely polygenic (12), a few genes contributing to noise fears in some breeds have 58 recently been identified (15, 16) . Meanwhile, the fact that crossbreeds were the group with the 4 59 highest incidence of firework fears in (2) points to possible environmental influences (i.e. 60 socialisation experiences) associated with the dogs' origin.
61
Besides breed, age is a common risk factor, with the prevalence of firework fears increasing with age 62 (1-3). While fear of noises is usually observable at an early age (median onset: 2 years in (3)), one 63 possible factor contributing to the development of noise fears may be pain, and this may explain 64 why in some dogs an onset of noise fears occurs at a later age: In a recent study comparing ten 65 noise-sensitive dogs with an underlying muscoskeletal pain problem and ten noise-sensitive dogs 66 with no detectable pain, the age of onset was almost four years later in the painful dogs (mean 6.5 67 years), compared to the non-painful dogs (mean 2.67 years)(17).
68
Regarding the effects of sex and neutering on noise fears in dogs, studies have yielded inconsistent 69 results. Both intact females and neutered dogs of both sexes had a higher incidence of noise fears in
70
(1); in contrast no effect of sex or neutering was found in other studies (2,4). Origin of the dog (e.g.
71
rescue, pet shop, breeder etc.) could be expected to affect fearfulness in dogs due to likely being 72 associated with differential socialisation experiences; nonetheless, this variable did not influence 73 degree of firework fears in (4). In (2), the only significant effect of origin was for dogs bred by their 74 current owner, which had a lower incidence of noise fears compared to dogs from other sources 75 (breeder, rescue centre, or other including pet shop).
76
Although a number of publications indicate behavioural signs shown by dogs when exposed to loud 
99
Finally, despite a number of publications on intervention to treat firework fears in dogs (5-10), an 100 important issue that seems to be comparatively neglected is how to prevent fears of fireworks in 101 dogs from developing in the first place. One study indicated that playing the radio during feeding 102 time in German shepherd puppies between the ages of 16 and 32 days led to more favourable 103 responses to sudden loud noises when tested in a puppy test at the age of seven weeks (25). On the 104 other hand, no beneficial effects of gradually increased auditory stimulation from the age of three 105 weeks was found when 7-week old puppies (German shepherds, Belgian Malinois, Dutch shepherd, 106 and crosses between these breeds) were exposed to sudden noises in a behaviour test (26).
107
For working dogs, it has been recommended to gradually introduce potentially fear-provoking 108 stimuli to achieve habituation, while pointing out that "the relative risk of habituation or 6 109 sensitization will vary with characteristics of the stimulus, the personality of the dog, and the state of 110 the individual animal at the time of stimulus presentation" (27 
Ethics statement
125 Participation in the questionnaire study was voluntary and participants were informed that they 126 could quit the survey any time, and that no data would be saved until they hit the "Submit" button 127 at the end. Respondents were not required to disclose any personal information other than the 128 country of origin and their level of experience with dogs. All respondents whose answers were 129 included in the analyses gave their consent for the information provided to be used for scientific 130 analysis. For these reasons, no ethical approval was required for the study.
131
Questionnaire survey 132 An online questionnaire survey (in an English and a German version) was distributed to a sample of 133 dog owners via our research group's website and social media. The advertisement stressed that dogs 134 both with and without fear of fireworks were of interest, aiming to avoid a response bias towards 135 owners of dogs that were affected by firework fears.
136
The questions covered the owners' consent for the use of their data, demographic data about the 137 dogs (date of birth, sex, neuter status, breed, country, source of dog, age at acquisition) and dogs' 138 health problems. For breed groups, the FCI classification was used. If at least ten individuals 139 belonged to a FCI group, they were subsumed as that group; otherwise they were categorised as 140 "Other". In mixed breeds, dogs with parents from the same FCI group were categorised as belonging 141 to that FCI group, while crosses of parents from different FCI groups or of unknown breed origin 142 were grouped as "mixed breeds". For the FCI Group 2 (Schnauzer and Pinscher), there were enough 143 individuals from the sections "Pinscher" (N=15) and "Molossians" (N=52), respectively, to warrant 144 including these sections as separate breed groups, and likewise I differentiated between 145 "Retrievers" (N=103) and "Flushing dogs" (N=20) of the FCI Group 8 "Retrievers -Flushing Dogs -146 Water Dogs".
147
To gather information on potential behavioural problems, owners were asked to rate their level of 148 agreement with a number of statements (for example "My dog is afraid of other dogs" or "My dog 149 defends resources against humans") on a 5-point Likert scale ranging from "disagree strongly", 150 "tend to disagree", "partly/partly", "tend to agree" to "agree strongly".
151
Firework fears: Welfare impaired score 152 One main dependent variable for the analyses is the "Welfare impaired score", which is based on the 153 question "Please rate your level of agreement with the following statement: The overall welfare of 8 154 my dog is strongly compromised by fireworks". As the abovementioned scores, it was answered on a 155 five-point Likert scale from "disagree strongly" to "agree strongly".
156
Firework fears: Fear progression score 157 The other main dependent variable for analysis is the "Fear progression" score, which was based on 158 the question "How has your dog's fear of fireworks progressed in the last years?", with the following 159 response options "My dog was never afraid of fireworks", "The fear has improved greatly", "The fear 160 tends to have improved", "The fear has remained the same", "The fear tends to have become 161 worse", "The fear has become much worse" or "I don't know". In the subsequent analysis, this 162 question was only analysed for dogs that were affected by firework fears (Welfare Impaired score ≥ 163 3), so the answers "My dog was never afraid of fireworks", and "I don't know" were removed from 164 the sample.
165
Further questions relating to firework fears included "How long does it take until your dog's 166 behaviour is completely back to normal following a fireworks?" and "At what age did fear of 167 fireworks first become apparent in your dog?" Owners were also asked whether they had attempted 168 any training to prevent or treat firework fears in their dogs, and if so whether training was 169 commenced when the dog was still a puppy, an adult (before the onset of any firework fears), or 170 after the dog had already shown a fear of fireworks. All relevant questions are available in S1 S1 Table) .
193
However, the non-parametric approach allowed to test the effects of only one factor at a time. Yet it 194 cannot be ruled out that some of the predictor variables, such as source of dogs, breed and neuter 195 status, might be confounded, with dogs obtained from rescue shelters being more likely to be 196 neutered and of mixed breeds. Furthermore, an interaction between age and health problems might 197 be expected in view of a recent study suggesting that onset of noise fears occurred at higher ages in 198 dogs with muscoskeletal pain compared to those not affected by muscoskeletal pain (17).
199
Therefore, to address the possibility of interactions between some predictors, selected binomial 200 logistic regressions (function glm in R) were calculated with the predictors Sex*Neuter status, Age*Health problems, breed group, source of dog, and age at acquisition as independent variables 202 and a binary "Welfare Impaired" score (re-classified from the 5-point scale) as dependent variable.
203
For this binary score, dogs with a Welfare Impaired score of 1-2 were considered as "not fearful" (0), 204 while dogs with a Welfare Impaired score of 3-5 were considered as "fearful" (1). A step-wise model 205 selection approach based on Akaike's information criterion (AIC) was used to select the best model.
206
Relationship of firework fears with other behavioural problems 207 A principal components analysis (PCA) was performed over all questions relating to behavioural 208 problems other than fireworks. As the main aim here was not data reduction, but to detect structure 209 in the data, the number of components retained was not based on a Scree plot or Eigenvalues, but a 210 higher number of components that were biologically meaningful were retained. These seven 211 components covered 83.5% of the variance in the data. Spearman rank correlation tests were 212 performed to assess correlations of the components with the Welfare Impaired score.
213
Effect of training 214 The effect of training was firstly assessed for the full sample (Welfare Impaired scores ranging from 215 1-5 
235
The dogs were of various breeds or mixes, with 729 belonging to a single breed group and 485 being 236 mixed breeds or crosses from parents of different breed groups. Among dogs from a single breed 237 group 61.0% were neutered, while the proportion of neutered dogs in the mixed breeds was higher 238 at 83.5%. Purebred and mixed-breed dogs also differed in the proportions coming from different 239 sources, as shown in S2 and S3 Tables. In particular, mixed-breed dogs were more likely to originate 240 from rescues either locally or abroad and were more likely to be former street dogs, while purebreds 241 were more likely to originate from a breeder (big/ small), from a private person whose bitch had a 242 litter, to have been rehomed from a private person, or to have been bred and raised by their current 243 owner.
244
Prevalence of firework fears and age of onset were considered to be fearful of fireworks (Table 1) . 148 of the fearful dogs had been adopted as adults when they already showed a fear of fireworks so 252 the age of onset was unknown. In the remaining "fearful" dogs with both current age and age of 253 onset recorded (N=395), there was a clear trend showing that firework fears tend to develop already 254 at a young age: 45% of owners reported that their dogs developed a fear of fireworks already under 255 one year of age. The second most common age of onset was at two years, followed, by three years 256 and four to six years (Table 2) . Above six years, very few dogs showed first signs of firework fears.
257
Accordingly, the median age of onset was one year. 
310
Results for the binomial model differed for some variables from those obtained in the univariate 311 approach. Thus in the final "best" model, only age, breed group, health problems, and an interaction 312 between health problems and age remained significant predictors of the occurrence of firework 313 fears -whereas source, sex, neuter status and age at acquisition (significant predictors in the 314 univariate analyses on severity of firework fears) were not significant, although source of dog and 315 neuter status was still retained in the best model according to AIC (Table 3) . Conversely, the model 316 highlighted a clear effect of health problems on the occurrence of firework fears, which was not 317 apparent in the univariate analysis, probably owing to a significant interaction between health 318 problems and age detected in the model (Table 3, S8 Table) . Thus while in the younger age groups, 319 dogs affected by health problems had a slightly higher prevalence of firework fears, the reverse was 320 true for the oldest age groups (Fig 3) . When only dogs were included whose owners had not sought advice of any kind and did not indicate 374 in the comments that they were behaviour specialists such as trainers or vets themselves, slightly 375 less improvement was reported than in the full sample, but also less deterioration, with about half 376 the dogs remaining unchanged (Table 6) .
377
378 Table 6 . Reported progression of firework fears in affected dogs (excluding dogs with no reported 379 firework fears), whose owners did not seek any advice to address the problem.
Owners' rating of fear progression N %
The fear has improved greatly 12 7.64
The fear tends to have improved 35 22.29
The fear has remained the same 78 49.68
The fear tends to have become worse 21
13.38
The fear has become much worse 11 7.01 
Discussion

416
In line with past studies, the results indicate that fear of fireworks is highly prevalent in the pet dog 417 population, with 52.16% in the sample at least partly affected, and almost one third of dogs 418 receiving the highest possible severity score. Previous studies found a prevalence of noise fears 419 ranging from 23% to 49% (1-3). While it was explicitly stated that dogs both with and without noise 420 fears were of interest, it is conceivable that owners with affected dogs might have a higher 421 motivation to participate in the survey. Even if prevalence was somewhat over-estimated in our 422 sample, the reported prevalence is consistently high also in previous studies. The majority of fearful 423 dogs (almost 75%) had recovered by the next morning after experiencing a firework; nevertheless it 424 took between three days to a week for full recovery in 12% of dogs, and a small proportion of dogs 425 even took several weeks or even months to recover, with one dog's behaviour reported to never 426 normalise. Thus, fear of fireworks is a significant factor affecting canine welfare, both in absolute 427 number of affected animals and duration of signs. 
466
Likewise the proportion of mixed breeds compared to purebreds was much higher in dogs from 467 rescues (locally and abroad) and street dogs compared to dogs from breeders. One large scale study 468 (on over 15,000 dogs) has compared characteristics of mixed-breed and purebred dogs. The study 469 found that mixed-breed dogs were more often neutered and were on average adopted at a later age 470 than purebreds (31). Differences in owners' demographics included that owners of mixed breeds 471 were less educated, younger and had less experience with dogs. Mixed breeds received less training,
472
were more likely to be kept only indoors, and as single dogs, although there was no difference in the 473 attitude and commitment of the owners, except that time spent walking was higher for the mixed-474 breeds than for the purebreds (31). The incidence of problematic behaviours was significantly higher 475 in the mixed breeds, even after controlling for the distribution of the demographic and dog keeping 476 factors (31). The current study did not investigate whether the owners' demographic and dog 477 keeping characteristics differed between mixed and purebreds in the same way as in (31) 
503
The current study confirmed the finding by (2) that dogs that were homebred were least affected by 504 noise fears (2). Perhaps breeders are particularly careful when socialising puppies they are intending 505 to keep, or -having the first choice of the litter -they were most likely to keep the temperamentally 506 most sound puppy. It is also possible that the owners who bred their own dog were especially 26 507 committed, or perhaps the puppies benefitted from the older dogs in the household, with most 508 breeders having more than one dog. Blackwell et al.
(2) also suggested that breeders might be less 509 willing to admit to the occurrence of behaviour problems in their breeding adults, or that dogs bred 510 by their owners benefitted from remaining in the same environment they were born and socialised 511 in.
512
An effect of health problems was only significant in the multivariate, but not the univariate analysis, 513 reflecting a significant interaction between health problems and age. There was a clear increase in 514 prevalence of firework fears with increasing age in the healthy dogs until ten years, but a decrease in 515 dogs 11 years or older. In dogs with health problems, firework fears increased until the age of eight 516 years and decreased in dogs nine years and older. Comparing the presence of firework fears in the 517 two groups (dogs with/ without health problems), firework fears were moderately more common in 518 dogs with health problems compared to healthy dogs until the age of eight years. Conversely, from 519 the age of nine years, the incidence of firework fears was lower in dogs with health problems.
520
Perhaps the data were less reliable for the older dogs due to the smaller sample sizes. It is possible 521 that the proportion of dogs with health problems increased with age, but at the same time, loss of 522 hearing, especially in the older dogs with health problems, may have attenuated some noise fears.
523
Maybe those dogs that had health problems at an earlier age also experienced other age-related 524 declines such as loss of hearing sooner. Thus, while health problems may contribute to firework 525 fears at the younger ages, this effect did not appear to be strong in the current sample.
526
Regarding comorbidities with other behavioural problems, the current results confirm previous 527 findings regarding the strong co-occurrence of firework fears with fears of thunder and gunshots, to other behaviour problems including resource guarding and hyperactivity. I did, however, not ask 535 about fear in new situations, which was related to noise fears in (1), and was also included in a score 536 for "Fearfulness" (together with fear toward unfamiliar people) in (3). Also, the cited studies did not 537 use a graded score but presence or absence of noise fears. It is thus a possibility that this may to 538 some extent account for divergent results.
539
In the current survey, the great majority of fearful dogs showed signs of noise fears from a very early 540 age -45% even developed a fear of fireworks below the age of one. Given that the age group of 541 dogs having reached one year was the largest in the sample, data from this age group are also likely 542 to be most reliable. The second largest group of dogs developed noise fears at the age of one year, 543 followed by two years and three years, respectively. Very few dogs showed first signs of noise fears 
